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A LASER SYSTEM AND METHOD OF OPERATION HAVING IMPROVED 
SIGNAL CONTINUITY AND SAFETY 



5 Inventors: Barry E. Willner and James M. Dunn 

BACKGROUND OF INVENTION 
10 1. Field of Invention: 

This invention relates to laser systems and methods of operation. More 
particularly, the invention relates to a laser system and method of operation having 
improved signal continuity and safety. 
0 15 2. Background Discussion; 



1 ^^^^ systems have many applications in the^^jfnmercial, medical and 
educational environments. Laser light differs frpf^rdinary light in three ways: it is 
•J monochromatic, coherent and directionalygJne of the key issues with lasers is their safety 
J of operation. A great deal of e^^bgv^cused on a small are which may be beneficial or 
jjj 20 destructive according to the en^jl^mn^^^ example, laser systems employed by laser 
13 pointer in an educational p^nt^may new? Accidental exposure of the laser beam 
by the audience. Thuyhe laser frequency and power output are minimized to avoid 
tissue damage^shoitlirf accidental exposure to the beam occur. 



j Another key issue with this laser, is their continjii^f operations in the event of a 

^jS? ( safety problem. For example, lasers are often u^gdlbr short-range line-of-sight 

communications such as between two Mg^gs separated by a right of way that prevents 
buried cables. The communicatiop/Iase^jSjJra^ a much higher power than 
educational pointers. HoweWf even thou|h the laser system is carefully aligned from a 
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transmitter to a receiver and sealed from accidental exposurej^y maintenance personnel, 
the possibility still exists for the beam to be broken by niaintenance personnel or birds 
flying through the area, etc. The inadverten^^p^^ "breaks " the beam and cause loss 
of signal continuity, as well as potential^rson^d^age to the object breaking the beam. 
As a result, laser safety and signal continu^^e often addressed by mechanical shielding 
and interlocks around the emitter and receive^r and reduced power which contributes to 
reduced signal range. In any case, the transmitted laser beam is not enclosed as a 
protective measure from accidental interruption of the beam. 



Prior art related to laser beam safety and signal continuity includes tiie following: 




WO/017691 Al , entitled "Coupling Lens and SeniiconcWor Laser Module", 
issued March 30, 2000 and filed September 10, 1999, disdeJses a coupling lens for 
coupling the emerging length in the emerging lengthi)eam from a semi-conductor laser to 
I an optical fiber. The coupling lens ccjmf^r^ lens integral with a diffraction lens 

, composed of concentric ring bands on the^^mnes of incidents or plane of emergence of a 
, 1 5 single lens. The diffraction lens has a^'sitiy^refractive power. The relief fimction of 



dly an iso 



the diffraction lens is generally an isosceles triangle.^When the coupling lens is used with 
a semiconductor module, the'^tput power^^f the module can be so controlled as to 
conform with the safetystandards even if the attenuation fikn, polarizes or optical fiber 
comes off without any control circuits or automatically stopping the lasing of the laser. 



JP 1269188A2, entitled "Bar Code Scanning Device", issued October 26, 1989 
and filed December 20, 1988, discloses a laser beam scarming device having a window 
arranged mat side and upper part of the transfer path of an article being scanned. The 
surface of the window is arranged to be inclined obliquely upwards at an angle larger 
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than 90° to the transfer surface of the transfer path and plural scanning luminous fluxes 
with mutually different directions are directed to the scanning area on the transfer surface 
in front of the window. The laser-scanning device is oriented so as to not directly project 
the luminous flux to an operator performing a medical operation in front of the scanning 
5 area. That is, commonly, the head part and the breast part of the operator do not receive 
the scanning laser beam at all. Thus, an optimum workplace is obtained in the aspects of 
human engineering and also in safety. 

JP 5218972 A2 entitled, "Free Space Laser Commimication Equipment and 
Method", issued August 27, 1993 and filed July 30, 1992, discloses a terminal equipment 
10 which sends a laser beam at a level below a safety threshold. A microprocessor sends a 
m terminal equipment identification code together with a beam. An Acknowledgment 
W signal from the receiving terminal equipment is monitored and the window signal is 
2 received. The microprocessor activates the laser in a normal level of high power to 
L enhance a communication performance. When the acknowledgment signal is monitored 

Za, 1 5 and the signal is not received for a prescribed time or, it is regarded that a disturbance or 

W 

n misalignment of the beam has taken place, the laser power is reduced to a level safe for 
transmission. Thus, the safety of an unconscious observer is assured and the 
communication performance is improved. 

None of the prior art discloses a laser beam insulated from intervening objects and 
20 protected from signal loss due to objects blocking the light beam and in the event of such 
blocking performing recovery of the signal in an efficient manner. 
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SUMMARY OF THE INVENTION 

An object of the invention is an improved laser system and method of operation 
having signal continuity and safety of operation from intervening objects. 

Another object is an improved laser system and method of operation providing a 
central beam and a surrounding guard beam preventing signal interruption from 
intervening objects 

Another object is an improved laser system and operation for restoring signal 
continuity without loss of information when the laser is interrupted by an intervening 
object. 

Another object is a laser receiver having a dual lens system, one lens receiving a 
main laser beam and the other lens acting as parallel receivers for a surrounding guard 
beam. 

Another object is a trigger circuit recognizing interruption of a laser guard beam 
surrounding a main laser beam and altering the performance of the main laser beam 
according to the nature of the interruption 

Another object is .an improved laser system and method of operation for medical 
application in confining the laser beam to a defined area. 

These and other objects, features and advantages of the invention are achieved in 
a laser system comprising a main laser beam, typically provided by a high power 
Continuous Wave (CW) laser. The main laser beam is surrounde d by a guard laser beam 
coaxially aligned vs oththe main laser beam . The guard laser beam is typically provided 
by a low power, pulse beam laser. A receiver includes a single lens and a surrounding 
angular segmented set of mirrors and lens acting as parallel receivers. The main laser 
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beam is received by the single lens and provided to a receiver. The guard laser beam is 
received by the annular, segmented set of mirrors and lens acting and provided to a 
trigger circuit. In operation, the guard beam insulates the main laser beam from 
interruption. If the guard beam is interrupted at any point along the length of the beam, 
one or more of the parallel receivers will be blocked and a signal will be provided to 
trigger circuit to alter the performance of the main laser beam, including shut down, via a 
return laser transmitter to the main laser. The main laser performance is altered according 
to the nature of the interruption. In the case of shut down of the main laser, the current 
stream of bits or packets is buffered and discharged when the main laser is turned on after 
the interruption is cleared. If the main laser is a pulsed beam laser, the shutdown may 
consist of simply not pulsing the laser at the next pulse time. The guard laser beam is 
never deactivated during shut-down of the main laser. Once the guard beam interruption 
is cleared, the trigger signal ends and the main laser is reactivated. To prevent cross talk 
between the CW and pulsed beam laser, different lasing materials and different 
frequencies are used. If the main and guard lasers are pulse lasers, then different pulse 
rates are used. The system may also include sensors for detecting climatic conditions 
affecting the guard beam. For example, a driving rainstorm or dust clouds, both of which 
disperse the guard band, but not alter the operation of the main laser. External sensors 
detect these conditions and activate the trigger circuit, which would maintain the 
continuity of the main laser in the presence of the climatic condition. Optionally, the 
laser return system may be activated by the trigger system to increase or reduce the 
power level of the main laser. Thus, the continuity, safety and signal restoration of a 
laser beam communication system are provided against intervening objects. 
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DESCRIPTION OF DRAWINGS 

The invention will be further understood from the following detailed description 
of a preferred embodiment taken in conjunction with an appended drawing, in which: 

Figure 1 is a representation of a laser system providing a main laser beam and a 
5 surrounding guard beam for improved safety and signal continuity and incorporating the 
principles of the present invention. 

Figure 2 IS a representation of a laser receiver optically coupled to a laser 
transmitter in the system of Figiu^e 1. 

Figure 3 is representation of the receiver of Figure 2 sensitive to interruption of 

2 1 0 the guard band or climatic conditions and generating a return signal to alter the 

=1? 

n performance of the transmitter. 

U Figure 4 is a representation of a switching system at the transmitter of Figure 2 for 

Jj recovery of data upon shut down of the transmitter upon interruption of the guard beam. 
:n Figure 5 is a representation of the laser system of Figure 1 in a medical 



15 application. 



DESCRIPTION OF PREFERRED EMBODIMENT 



^ In Figure 1, a laser transmitter assembl^^TO comprises, in one embodiment, a 

^><^^20 main continuous wave laser 1 2 typica^ c^a^iprising a rear mirror 14 and an output lens 




16 projecting a laser beam 18 to a x^c^^<^{%^^ Figure 2). A CW laser is well known 
in the art and described for exarMfle inlJSP 6,0§5,249. The laser is responsive to an 
input signal 19 surrounding^d coaxially aligned with the laser 12 is a guard laser 20. 



BOC9-1999-0075 

!4607_1 



6 



1963-7376 



^ 



Typically, the guard laser is a pulsed beam l^er, which is well know in the art and 
described, for example, in USP 6,052,3^/NQie guard laser includes a rear mirror 22 and 
a lens 23 surrounding the lens 16 and^r^ecting a laser beam 24 to the receiver 30. 



10 



In an alternate embodiment, the guard band laser may consist of multiple pulsed 
lasers arranged concentric to the main laser rather than an annular guard band laser. 

The CW laser 12 and the pulse beam laser may be constructed as a common 
assembly, sharing a common glass wall or may be built as two separate assembhes 
aUgned along the same axis. An inset in Figure 1 shows in one embodiment, a concentric 
alignment of the main laser beam 18 and the guard beam 24, respectively emanating from 
the lens 16 and the lens 23. 




y, 



; 15 



In Figure 2, a receiver assembly 30 receives ^nain laser beam 18 and the 
coaxially or surrounding pulse guard band 24 thr^^ a lens array 35, shown in an inset 
included in Figure 2. A main laser receiver 3^anslates the laser beam 18 into electrical 
signals as described, for example, in USP S^56,l 1 1, assigned to the assignee of the 
present invention. Likewise, the guarc^am 24 is translated by a guard band receiver 42 
into an electrical signal for monitomg purposes, as will be described hereinafter in 
Figure 3. The lens 35 includes a^entral single lens 36 for receiving the laser beam 18 
and an annular segmented gu^d band lens 38 for receiving the guard band signal 24. The 
lens 38 serves as a set of j^rallel receivers 39. 

In operation as a'laser conmiunication sy^t^ni^the guard band 24 surrounds and 
insulates the main beam from interruption.! the guard band laser 20 is a low 



power laser, preferably a pulsed beam laser) and ^rms a torrid-shaped laser beam 24 

)eam is received by the lens 



about the main laser beam 18. The,t6rrid-shaped 

/ 



laserl 
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assembly 38. Typically, the main laser beam 18 is 

conventional modulation scheme and the nipdimted main laser beam is received by the 
central lens 36. To prevent cross talk between Ijis^ns 12 and 20, different lasing materials 
and therefore different frequencips'^can be us^d. Likewise, if both lasers 12 and 20 are 
pulsed lasers, different pulserates can be used. 

I If the guard band is interrupted at any point betweenytiie^ansmitter 10 and the 
receiver 30, the interruption can be detected by a bre^n/signal in one or more of the 
segmented receivers 38. The number of receivers yhose path is blocked v^ill depend on 
the number of segments in the lens 35 and the s&e and the shape of the interfering object. 



1 0 When interruption occurs, the gua 



vrfll signal a guard trigger receiver 41 (see 



: : ! 



Figure 3) to alter the performance ODth^^aiij^l^^ beam, including shut down, as will be 
described hereinafter. Since the is modulated digitally, the orderly shutdown 

consists of buffering the currenc stream of bits or packets to be transmitted and 
deactivating the sustainin^aser mechanism. The deactivation, which depends on the type 
1 5 of laser and the laser^materials in use, may be a voltage or other lasers acting as an energy 
pump. If the main laser is a pulsed laser, the orderly shutdown consists of simply not 
; at th^^xt 



pulsing i 



iext time. 



Once the intervening object has been cleared from the line of transmission, the 
guard band, which is never deactivated, will again activate all segments of the guard band 
20 receiver. At this point, the guard band generates a signal to the trigger receiver to return 
the main laser to normal operations. 

If the guard band lasers transmitters and receivers are coaxially aligned with the 
main laser, a tight guard band can be constructed, based primarily on the radius of the 
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annular laser with respect to the main laser. If the guard band receiver and the main laser 
are not coaxially aligned, a "fan out" guard band will result giving a coned-shaped guard 
band. A coned-shaped guard band may be desirably based on the location and positions 
of the transmitter and receiver, respectively, and the amount of safety arrangements 
required at each end. 



In Figure 3, the laser receiver 30 is shown, including a guard band trigger receiver 
42 for detecting interruptions in the guard band 24 ^e to intervening objects. An 
electrical signal generated by the guard band lase/receiver activates a conventional 
trigger circuit 43 to provide an output signal. Pi retum laser 44, including an energy 
10 pump 45 for a laser emitter 46 is caused to bd^energized by the trigger signal and 

generates a retum laser beam 48 to the transmitter 10. The retum laser beam 48, when 
activated, indicates the guard band has b/en interrupted and the main laser power input 
should be altered or shut down. 

Turning to Figure 4, retum la/er beam 48 is provided to a receiver 50 located at 
15 the transmitter station 10. The recover 50 provides an output electrical signal 52 to a 
'% switch 53 which also receives thefinput signal 19 to the main laser. When the retum 

?=3r / 

;i=r, / 
I \ / 

signal is absent, the switch 53 d^-ects the input signal directly to the laser 12. When the 
laser signal 48 is active and the signal 52 is generated, the switch directs the input signal 
19 to a buffer 54 which stores the input signal 19 until the switch 52 returns to the normal 
20 state. When the signal 52 terminates, the switch 53 discharges the buffer to the laser 12 
followed by the input signal 19. The retum band signal 52 can be either a binary on-off 
indicator or it may be / sophisticated signal to an amplifier (not shown) to increase or 
decrease4he-eaeigy/evel of the main laser beam. 
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Returning to Figure 3, the receiver 30 also includes climatic sensors 43 to avoid 
shutdown of the main laser by the guard band laser due to predictable and not dang^us 
conditions to the main laser. For example, a driving rainstorm can cause signal 
disruptions in the lower power or different frequency of the guard banjifbut not disrupt 
the main laser. In such case, the climatic sensor would signal the^gger circuit 43 in the 
receiver 41 not to activate the return laser 45 and alter the performance of the main laser. 
Likewise, a dust cloud that disperses the guard band beam, but not the main laser, would 
be detected by a climatic sensor and the trigger circuit inactivated to prevent operation of 



the return laser 45. Thus, any broad, multi^signal interruption of the guard band receiver, 

/ 

[ 0 coincident with climatic condition^ould be considered non interfering preventing the , 
guard band trigger receiver from^altering the performance of or shutting down the main 
laser. / 

Besides data communication system, the guard band laser 10 has application in 
laser surgery as sl^wn in Figure 5. A surgeon would outline a surgical area for an 
5 operation using4 guard band template. As long as the main laser alignment was within 

/ 

the template area, the guard band laser would be received through each segment of the 
/ 

se^^nted guard band. As soon as the laser crossed over the guard band template, 
reception of the guard band would be disrupted on one or more of the segments and the 
main surgical laser would be interrupted. 




20 In Figure 5, a main laser 12 and guard band laser 20 generate a main laser beam 

18 and a guard band laser beam 24. A patient 100 is receiving laser surgery within an 
area of operation 70. The patient is protected by a segmented guard band receiver 
template 70, which surrounds and exposes the operation area 72. During the operation, if 
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the main laser beam departs from the operation area 72, the guard band laser beam would 
be incapable of illuminating all segments of the receiver template and the trigger circuit 
43 would be activated to turn off the main laser. When the guard band laser was 
repositioned in the operation area to illuminate all segments of the template, the trigger 
5 circuit would be deactivated and the main laser beam tumed back on to continue the 
surgery. 

While the invention has been shown and described in a preferred embodiment, 
various changes can be made without departing from the spirit and scope of the invention 
as defined in the appended claims, in which: 
□ 10 We claim: 

\ I \ 
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